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The Identification of Rock Types 


By The Physical Research Branch 
Bureau of Public Roads 


e Sufficient familiarity with the characteristics of 
rocks to identify them, even approximately, 
should be valuable to stone producers. The fol- 
lowing article describes the controlling features 
of different rock types and indicates how to rec- 
ognize them. 


Reported by D. O. WOOLF 


Senior Materials Engineer 


HE method of identification of rock presented 


TABLE I 


General Classification of Rock 


here is intended to be applied to pieces of a size Class Type Family 

large enough so that the structure of the rock can be eae 
observed clearly. In small pieces, the alinement, if ) Syenite ' 
any, of the minerals composing the rock may not be pect a 
observed as readily as it would be in a larger piece. grained) Peridotite 
The user of this method is urged to obtain for study ee ina " 
as large a piece of the rock as is convenient to han- Igneous 
dle. Pieces about 3 in. by 4 in. by 2 in. thick may be Obsidian 
found to be suitable. —— 

The equipment needed consists only of a knife 
blade of good steel, a small magnifying glass of 6 to Redeaite ne 
10 power, and a bottle of dilute hydrochloric acid, se wll 
preferably with a dropper. If the acid is not avail- 
able, household vinegar will usually serve in its Limestone 
place. Sometimes a fragment of quartz or a quartz Calcareous Dolomite 
crystal may be found useful, but generally crystals ‘ Shale 
which are large enough to test with the quartz can Sechuentary 0 Sandstone 
be identified visually. 

This method follows that given by Pirrson and Breccia ° 
Knopf,' which in turn was based on that given by oe 
Geikie in his Textbook of Geology.? It uses a com- oe 
bination of simple physical and chemical determina- coe Amphibolite 
tions to identify the rock. In some cases the individ- Giate 
ual minerals can be identified, and the rock can be Metemenyite: Quertsite 
named from a knowledge of its component minerals, Nonfoliated Marble 
their abundance, and the relative amounts of each. Serpentinite 


* Reprinted from Public Roads, June 1950, published by Bureau 
of Public Roads, U. S. Department of Commerce, Washington, D. C. 

1Rocks and Rock Minerals, by Louis V. Pirrson and Adolph 
Knopf, 3rd edition; John Wiley and Sons, Inc., New York: 1947. 

* Textbook of Geology, by Sir Archibald Geikie, 3rd edition; 
MacMillan and Co., London; 1893. 


1 Frequently occurs as a porphyritic rock. 


“Included in general term “felsite’’ when constituent minerals 
cannot be determined quantitatively. 
*May also be com 
terials. 


posed partially or entirely of calcareous ma- 
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In other cases the minerals may be too small to iden- 
tify with the hand lens, and recourse must be had to 
the general distribution of the minerals and to the 
structure of the rock. It should not be expected that 
this method will permit the identification of any and 
all rocks, but it is believed that the user will be able 
to identify the more common rocks used in highway 
construction. In those cases where the rock cannot 
positively be identified, the user of this method 
should have no hesitancy in stating which type of 
rock the sample under study most closely resembles, 
and describing the particular features of the sample 
which are not in agreement with the characteristics 
of the type mentioned. 


General Classification 


A general classification of rocks of interest in high- 
way construction is given in Table I.3 The rocks are 
first separated into three classes—igneous, sedimen- 
tary, and metamorphic—on the basis of their origin, 
’ and each class is subdivided with regard to physical 
characteristics or chemical composition. 

In the igneous class, the intrusive or coarse-grained 
rocks include such familiar materials as granite and 
gabbro. These rocks were formed from molten ma- 
terial and cooled slowly so that the crystals compos- 
ing the rock developed to an appreciable size. The 
extrusive rocks were also formed from molten ma- 
terial, but these cooled so rapidly that the crystals 
are very small. In a few cases, the molten material 
formed as a glass, resulting in obsidian or similar 
rocks. The fine-grained crystalline rocks include 
rhyolite, trachyte, andesite, basalt, and diabase. The 
first three of these rocks are sometimes grouped 
under a general family name of felsite which in- 
cludes light- to medium-colored, very fine-grained 
igneous rocks. Basalt and diabase are frequently 
described in engineering terminology as “trap” rock. 

The sedimentary class of rocks, formed by depo- 
sition of water- or wind-transported rock grains, is 
separated into two groups on the basis of the prin- 
cipal mineral component. The calcareous rocks, 
which are composed essentially of compounds of lime 
or magnesia, include limestone and dolomite. Sedi- 
mentary rocks, which are composed chiefly of silica, 
include shale, sandstone, and chert. 


* Based on table 2 in Relation of Mineral Composition, and aoe 
Structure to the Physical Properties of Road Materials, by E. E. 
Lord; U. S. Department of Agriculture Bulletin No. aay ye 4, 


The metamorphic class is separated into two 
groups based on the structure of the rock. In the 
foliated or layered types are included gneiss, schist, 
and slate, while quartzite and marble are included in 
the nonfoliated type. The metamorphic class in- 
cludes those rocks which have been formed from an- 
other type of rock by heat or pressure. For example, 
gneiss may be formed from granite, marble from 
limestone or dolomite, and quartzite from sandstone. 
Sometimes this alteration improves the quality of 
the rock, as in the case of quartzite, which is a much 
harder and tougher material than sandstone. In 
other cases, the reverse applies: marble generally is 
inferior to limestone or dolomite as an aggregate for 
highway construction. 


100 
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FIGurE 1 


Diagrammatic Representation of the Mineral Composition 
of Igneous Rocks 


Mineral Composition of Rocks 


The more important rock-forming minerals are 
listed in Table II. These are separated into primary 
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and secondary minerals depending upon whether 
they are found in the original igneous rocks or were 
derived by alteration of the minerals in these rocks. 


TABLE II 
Rock-Forming Minerals 


Primary minerals 


Name Composition 
Silicon dioxide. 
Feldspar 
Orthoclase ___| Silicate of potassium and aluminum. 
Microcline ___| Silicate of potassium and aluminum. 
Plagioclase ___| Silicate of sodium, calcium, and alu- 
minum. 
Pyroxene: 
Augite: —....._ Silicate of calcium, iron, magnesium, 
and aluminum. 
Amphibole: 
Hornblende __| Complex silicate principally of cal- 
cium, iron, magnesium, and alumi- 
num. 
Mica: 
Muscovite ___| Hydrous silicate of potassium and 
aluminum. 
Hydrous silicate of potassium, mag- 
nesium, iron, and aluminum. 
Magnetite ______ Iron oxide. 
Rock glass _____ Variable. 
Garnet ________ Silicate of aluminum, iron, and cal- 
cium. 
Olivine —......... Silicate of magnesium and iron. 
Secondary minerals 
Name Composition 
Calcite Calcium carbonate. 
Delomite —..... Calcium and magnesium carbonate. 
OO Ea Hydrous silicate of aluminum. 
Chiorite —...... Hydrous silicate of iron, magnesium, 
and aluminum. 
Epidote ________ Hydrous silicate of calcium, alumi- 
num, and iron. 
Limonite ______ Hydrous iron oxide. 
Hydrous silicon dioxide. 


The essential mineral composition of the more 
common rocks used in highway construction is given 
in Table III. This is a condensation of material given 
in United States Department of Agriculture Bulletin 
No. 348.* In Table III, the average percentage distri- 
bution of the minerals which are characteristic of 
each variety of rock is shown, together with inci- 
dental minerals which are indicated by values in 
parentheses. Minerals which are present in the rocks 
in amounts less than 3 per cent are not mentioned 
separately but are grouped in the table under “re- 
mainder.” 


*See footnote 3, page 4. 


~ 


In Figure 1, a graphical representation of the com- 
position of igneous rocks is shown. This is based on 
the data given in Table III, but has been idealized to 
a certain extent for purposes of simplification. In 
the segment marked “glass or iron ore,” the rock 
glass applies to the fine-grained extrusive rocks only. 

The color of the rock furnishes some indication of 
the mineral content. If the rock is white or light in 
color, the predominant minerals probably are quartz 
and feldspar. Red, brown, green, gray, and black 
colors usually indicate the presence of minerals con- 
taining iron. In sedimentary rocks, gray or black 
colors may be caused by carbonaceous matter. 


Classification by Geologic Type 


It will be helpful if the user can classify rock with 
respect to its general geologic type, that. is, whether 
the rock was formed directly from a molten mass 
(igneous class), or was formed by deposition of the 
rock grains transported by water or wind (sedimen- 


FIGURE 2 
A Vesicular Basalt (Full Size) 


tary class) or was formed by the action of heat or 
pressure or both on previously existing rock (met- 
amorphic class). Features which will assist in this 
classification of rock are the following: 


3 
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TaBLE III Mineral Composition of Rocks 
3 Essential mineral composition, per cent ' 

Igneous rocks: 
Augite syenite 23 (4) 52 7 (3) 1(11) | (8)] (4)]....] 4 
75 8 BE (3) | (8) | (5)| 
Altered diabase ___ 35 (15) | (9) (4)}. 11 

Sedimentary rocks: 
Feldspathic sandstone ___| 191 (3) (3) | (22) (4)|. 7 

amorphic rocks: 

107 | 37 | 35 | (3) |.....)..... 
Chlorite schist 23 11 |...... 28 | (4)|....| 8 


1 Values shown in parentheses indicate minerals other than those essential for the classification of the rock. 


2 Includes 3 per cent opal. “Includes 3 per cent garnet. 


Igneous class: 
Absence of fossils. 
Presence of glass. 
Uniformity of structure. 
Interlocking crystals. 
Sedimentary class: 
Rounded grains. 
Presence of fossils. 
Stratification in relatively thick layers. 
Abrupt changes in color from layer to layer. 
Metamorphic class: 
Separation of crystals into approximately parallel 
layers. 
Formation in thin parallel layers. 
Broken readily into thin slabs. 


All features mentioned for a given class probably 


will not be found in one single piece of rock, but one 
or more of those mentioned should be found. 


Rock Structure 


The structure of the rock is of considerable assist- 
ance in determining the general classification of the 
rock and also in determining the precise name for 
the material. Masses of rock which show a marked 
resemblance to columns are unquestionably of an 
igneous origin. Rock which is vesicular—that is, 


containing large or small cavities which sometimes 
are separated by thin walls of rock—is usually an 
igneous type. An example of this is shown in Fig- 
ure 2. In some igneous rocks these cavities are filled 
with a material which is of a different nature from 
that of the rock itself, and the rock is said to have 
an amygdoloidal structure. 


| 
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Most types of meta- 
morphic rocks show a 
peculiarity of structure 
which is described as 
foliation. Such rocks 
could as well be de- 
scribed as banded or lay- 
ered, except that these 
terms imply an abrupt 
change in the appearance 
of the rock from one 
layer to the next. Bands 
and layers are frequently 
used in descriptions of 
sedimentary rocks. Three 
types of foliation—gneis- 
soid, schistose, and slaty 
—are used in descrip- 
tions of metamorphic 
rocks. All of the foliated 
rocks will split or cleave 
more or less readily in 
one plane, and the type 
of foliation describes the 
degree of smoothness of 
the cleaved surface. 
Rocks with a gneissoid 
foliation have a rough, 
uneven surface while 
those with a slaty folia- 
tion have a very smooth 
cleaved surface. Schists 


foliation have cleaved 
surfaces which are much smoother than the gneisses 
but not as smooth as the slates. 

Under the effect of heat or pressure, the minerals 
in the foliated metamorpliic rocks have been caused 
to arrange themselves in more or less parallel planes. 
The dark-colored minerals may separate from the 
light-colored minerals and form bands or streaks 
which are characteristic of certain foliated rocks. 
Figure 3 shows typical specimens of gneiss and schist. 
A close examination of such rocks will show that 
there is seldom an abrupt and complete separation 
between the dark- and light-colored minerals. Usu- 
ally there is a zone of transition from light to dark 
_bands, or the dark bands will contain an appreciable 
percentage of light-colored minerals. Banded sedi- 
mentary rocks which may be confused with the 
metamorphic rocks generally have an abrupt change 


Typical Banding in Foliated Metamorphic Rocks: Granite Gneiss (Upper Left); Biotite 
or rocks with a schistose Gneiss (Upper Right); Hornblende Schist (Lower Left); Mica Schist (Lower Right) 


FIGURE 3 


in color or texture from one layer to the next, as 
shown in Figure 4. 


FIGURE 4 
Abrupt Change in Color Between Layers Is Characteristic 
of Banded Sedimentary Rocks (Banded Sandstone) 
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Identification of Quartz and Feldspar 


In the use of this method, it is necessary that 
quartz and feldspar be identified when these min- 
erals occur in crystals or grains large enough to be 
seen with the aid of the hand lens. Their identifi- 
cation as constituents of rock may present some diffi- 
culties, since even in rocks of coarse grain these min- 
erals may be so small that the usual determinations 
made on the ordinary mineral specimen frequently 
cannot be applied. For example, in hand specimens 
of minerals, feldspar may be identified in part by the 
fact that it is scratched by quartz. This test can sel- 
dom be applied to rock specimens due to the small 
size of the component crystals or grains. Recourse 
must be made to visual examination with reference 
to the color, shape, luster, and fracture of the grains. 

In igneous rocks, quartz usually has a gray or 
smoky color, ‘while feldspar is white, gray, or vari- 
ous shades of red. Grains of quartz are usually 
transparent or translucent, but those of feldspar are 
opaque. Quartz and feldspar are dissimilar in cleav- 
age: if the grains are sufficiently large, those of feld- 
spar will be found to break with flat surfaces form- 
ing an angle of about 90 degrees. By rotating the 
hand sample of rock so that light strikes the surface 
at different angles, the cleavage faces of feldspar 
crystals may be observed. A photograph showing 
the reflection of light from a cleavage face of a rather 
large crystal of feldspar in a specimen of granite is 
shown in Figure 5. Quartz has no cleavage, and 
breaks with a conchoidal or shell-like fracture. 
Quartz has a glassy luster while feldspar has a luster 
more nearly like porcelain. Feldspar is affected by 
weathering, and the luster tends to become dull. 

In the crystallization of the rock minerals from the 
mass of molten rock, the feldspars crystallize before 
quartz, and tend to occur in crystal form while quartz 
develops in more or less shapeless masses. Feldspar 
crystals frequently are compound structures of inter- 
grown crystals which developed simultaneously. 
The longitudinal axes of the portions of the crystals 
are parallel, but the transverse axes of one crystal 
segment are rotated through 180 degrees from those 
of the adjacent segment. At the junction between 
crystal segments, a plane of twinning is produced. 
In rock-making feldspars, these planes of twinning 
usually are very closely spaced, and the cleavage 
surface of a crystal of feldspar may appear to have 
been ruled with fine, parallel lines, as shown in Fig- 
ure 6. This twinning is not found in quartz. 


A summarization of the principal characteristics 
of feldspar and quartz as components of igneous 
rocks is shown in Table IV. 


TABLE IV 


Characteristics of Feldspar and Quartz as Components of 
Igneous Rocks 


Characteristic Feldspar Quartz 
ee White, pink ____| Gray, smoky. 
Transparency __| Opaque ________ Translucent. 
Porcelaneous to | Glassy. 

dull. 
Cleavage _______ Good on two | None. 
faces forming 
angles ofabout 
90°. 
iy of crystal | Parallelopiped __| Shapeless. 
ace. 
Multiple twin- Frequent _____- None. 
ning. 


Identification of Other Minerals 


In some cases, the common forms of the ferromag- 
nesian minerals augite, hornblende, olivine, and bio- 
tite may also be identified in rocks. The ferromag- 
nesian minerals contain iron or magnesia or both as 
a principal component, and are identified by shape 
and color. In some rocks the minerals are suffi- 
ciently well crystallized for identification, but fre- 
quently they occur as grains or irregular masses and 
identification in the hand specimen may not be pos- 
sible except by color. 

Olivine is seldom found in well-developed crystals 
in rock. It occurs usually as grains or masses, and 
is identified by its color which varies from an olive 
green to a yellow green. 

Augite and hornblende are the more common var- 
ieties of two large families of minerals, the pyrox- 
enes and the amphiboles. Both augite and horn- 
blende have a dark green to black color, and both 
frequently occur as grains or masses in rock. Iden- 
tification of these minerals in the hand specimen de- 
pends upon whether the crystal shape can be deter- 
mined. Augite tends to develop in short, thick 
crystals with a square or rectangular cross section. 
Hornblende commonly occurs as long, slender blades 
with irregular ends, and the cross section has a dia- 
mond shape with the acute angles replaced by par- 
allel planes at right angles to the longer transverse 
axis of the crystal. Biotite is black mica, and is 


recognized by its black, shining color, its softness, 
and its occurrence as irregular flakes or scales in 
granites, syenites, and metamorphic rocks. 


| 
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System for Rock Identification 


The system for the identification of rock is shown 
in tabular form on page 11. In this method, all con- 
siderations are based on the appearance or character 
of newly fractured surfaces of the unweathered rock. 
In determinations of gravel, many pieces may be 


FIGURE 5 


Reflection of Light From a Cleavage Face of a Feldspar 
Crystal in Granite (About 2X) 


found to be weathered and some modifications of the 
characteristics mentioned may be expected. For ex- 
ample, pieces of feldspar in gravel may have a dull 
luster, and some pieces may be so soft that they can 
be scratched with the knife. 

The first determination in the system is the pre- 
liminary classification by which the specimen is 
placed in one of five general groups. 

When a determination of the lithological composi- 
tion of a gravel is made, it is believed to be most 
desirable to separate the entire sample into the var- 
ious general groups, and to examine each group of 
particles as an entity, subdividing each by the meth- 
ods described. This should permit the identification 
to be performed most rapidly, and should group in- 
dividual particles which show variations from a 
given class of rock due to slight differences in color, 
texture, or the effects of weathering. 

In group I, glassy rocks, quartz is included as a 
rock. Actually this is not correct as quartz is a min- 


eral, differing from rock in that it has a chemical 
composition expressible by a formula and also has 
a definite crystalline structure. However, quartz 
does occur in sufficiently large masses so that it is 
quarried as a rock, and is the most common material 
in a large percentage of gravels used for construc- 
tion purposes. Due to these reasons quartz is in- 
cluded in the table. 

Subgroup IIB, covering hard, fine-grained rocks, 
contains some types of rock which lately have be- 
come of considerable interest to those concerned 
with the durability of portland cement concrete. 
Included in the general term “felsite” are a number 
of varieties of rock which may be chemically reac- 
tive to a detrimental degree with the alkali in ce- 


FIGURE 6 


Planes of Twinning in Feldspar Produce an Appearance of 
Fine, Parallel Lines (About 3X) 


ment. These include rhyolite, trachyte, and ande- 
site. The identification of these rocks requires that 
both the kind and amount of feldspar present be de- 
termined. This determination cannot be made on 
the hand specimen, and the practice of grouping all 
fine-grained, light- or medium-colored, igneous rocks 


| 
| 
| 
| 
/ 


10 THE CRUSHED STONE JOURNAL 


containing feldspar as a major constituent under the 
general term of felsite has been adopted. This is be- 
lieved to be a sound procedure, as the various rocks 
so grouped appear to have essentially the same prop- 
erties from the engineering viewpoint. 

In subgroup III B, item 5, separation between sand- 
stone and quartzite is made by examination of the 
plane of fracture of the rock. If the fracture is 
around the grains of quartz, the rock is sandstone. 


FIGURE 7 
Porphyritic Granite (Full Size) 


If the fracture passes through the grains, or through 
an appreciable percentage of the grains, the rock is 
quartzite. 

Subgroup IIIC covers rocks of a porphyritic tex- 
ture as shown in Figure 7. Originally, a porphyry 
referred to a rock composed of feldspar crystals em- 
bedded in a compact, dark red or purple ground- 
mass. This name now refers to rocks containing 
large crystals of any kind, either well-formed or cor- 
roded to a rounded or irregular shape, which are 
embedded in a more finely crystalline or glassy 
groundmass of any color. A porphyry could refer 
to a rock containing crystals as big as an inch long 
which are embedded in a groundmass of crystals 
one-fourth inch in size; or it could refer to a rock 
containing crystals one-tenth of an inch in size em- 
bedded in a groundmass of barely visible crystals. 
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In the laboratories of the Bureau of Public Roads, 
the name porphyry is used to refer to a rock con- 
taining numerous and more or less uniformly dis- 
tributed crystals over one-eighth inch in size em- 
bedded in a groundmass so fine-grained that the in- 
dividual grains are not recognized by the unaided 
eye. 

Kemp’ states that porphyries are commonly classi- 
fied from the larger crystals (phenocrysts), with lit- 
tle regard for the composition of the groundmass 
even though the latter comprises over half of the 
rock. If the groundmass is of very fine grain, no 
other practice than that mentioned above can be 


-followed without the use of the petrographic micro- 


scope or analysis by chemical methods. 

In group IV, foliated rocks, it is doubted that the 
many varieties of schist can always be determined 
in the hand specimen. A few of the more common 
varieties are mentioned. There are many others, 
depending upon the presence of some mineral which 
may be in sufficient quantity or have certain unique 
properties to warrant its use as a modifier of the 
general term, schist. Most schists have about the 
same physical properties and the identification of 
the rock by this name alone may usually be suffi- 
cient. 

In group IV, item 2(b), hornblende schists contain 
a small amount of quartz whereas amphibolites con- 
tain plagioclase feldspar instead of quartz. This dis- 
tinction may be impossible to make in the hand 
specimen. 


Difficulties with Intrusive Igneous Rocks 


In trials of this method by selected groups of stu- 
dents, more difficulty was found in identification of 
the intrusive type of igneous rocks than any other 
general group. The difficulty may have been due to 
too much emphasis on the feldspar content of the 
rock, and too little regarding the other essential con- 
stituents. A study of Figure 1 will show that of the 
coarse-grained igneous rocks, granite is the only kind 
which contains an appreciable amount of quartz, and 
that gabbro contains the greatest amount of the dark 
ferromagnesian minerals (mica, hornblende, and aug- 
ite) with diorite containing the next greatest amount. 
Consequently, if the rock is hard, with visible, inter- 
locking grains of approximately the same size, and 
contains an appreciable amount of quartz, it prob- 
ably is a granite. On the other hand, if the rock has 


> A Handbook of Rocks, by J. F. Kemp; 6th edition, revised by 
F. F. Grout; D. Van Nostrand Co. Inc., New York; 1942. 


| 
| 
ie 
lea: 
\ 
| | 


Preliminary Classification 
Group I.—Glassy, wholly or partly. 
Group II.—Not glassy; dull or stony; homogeneous; so fine-grained that grains cannot be recognized. 
Group III.—Distinctly granular. 
Group IV.—Distinctly foliated; no effervescence with acid. 
Group V.—Clearly fragmental in composition; rounded or angular pieces or grains cemented together. 


GROUP I.—GLASSY ROCKS 


1. Glassy luster; hard; conchoidal fracture; colorless 
to white or smoky gray; generally brittle. Quartz. 

2. Solid glass; may have spherical inclusions; brilliant 
vitreous luster; generally black. Obsidian. 

3. Cellular or frothy glass. Pumice. 


GROUP II.—_DULL OR STONY, VERY FINE- 
GRAINED ROCKS 


SUBGROUP II A.—Not scratched by fingernail, but 

readily scratched with knife. 

1. Particles almost imperceptible; dull luster; homo- 
geneous; clay odor; little if any effervescence with 
acid; laminated structure; breaks into flakes. Shale. 

. Little if any clay odor; brisk effervescence with 
acid. Limestone. 

. Little if any clay odor; brisk effervescence with 
acid only when rock is powdered or acid is heated. 
Dolomite. 

4.Soapy or greasy feel; translucent on thin edges; 
green to black; no effervescence. Serpentinite. 

SUBGROUP II B.—Not scratched with the knife or 

scratched only with difficulty; no efferves- 
cence with acid. 

1. Light to gray color; clay odor possible; may have a 
banded flow structure. Felsite. 

2. Very hard; pale colors to black; no clay odor; con- 
choidal fracture; waxy or horny appearance. Chert. 
If dark gray to black, Flint. 

3. Heavy; dark color; may have cellular structure; 
may contain small cavities filled with crystalline 
minerals. Basalt. 


GROUP III.—GRANULAR ROCKS 


SUBGROUP III A.—Easily scratched with the knife. 
1. —™ effervescence with acid. Limestone or Mar- 
e. 
2. Brisk effervesence only with warm acid, or with 
powdered rock. Dolomitic marble. 

SUBGROUP III B.—Hard; not scratched with knife 
or scratched with difficulty; grains of ap- 
proximately equal size. 


. Mainly quartz and feldspar; usually light colored, 
sometimes pinkish. Granite. 

. Mainly feldspar; little quartz (less than 5 per cent); 
light colors of nearly white to light gray or pink. 
Syenite. 


. Feldspar and a dark ferromagnesian mineral. 

(a) Major constituent feldspar; rock of medium 
color. Diorite. 

(b) Ferromagnesian mineral equal to or in excess 
of feldspar; rock of dark color. 
(1) Grains just large enough to be recognized 

by the unaided eye. Diabase. 

(2) Coarse-grained rock. Gabbro. 


.Mainly ferromagnesian minerals; generaliy dark 

green to black. 

(a) Predominant olivine with pyroxene or horn- 
blende. Peridotite. 

(b) Predominant augite. Pyroxenite. 

(c) Predominant hornblende. Hornblendite. 


GROUP III.—Continued 


5. Mainly quartz. 


(a) Fracture around grains. Sandstone. 
(b) Fracture through all or through an appreciable 
percentage of grains. Quartzite. 

SUBGROUP III C.—Hard; not scratched with knife 
or scratched with difficulty; large distinct 
crystals in finer groundmass. 

1. Crystals of feldspar and quartz with some of a 
ferromagnesian mineral (generally biotite) in a 
light-colored groundmass (of feldspar and quartz). 
Granite porphyry. 

. Crystals of feldspar and usually a ferromagnesian 
mineral in a light-colored groundmass (of feld- 
spar). Syenite porphyry. 

. Crystals of ferromagnesian minerals, or of striated 
feldspar, or both, in a medium-colored groundmass 
(of feldspar and ferromagnesian minerals). Diorite 
porphyry. 

. Crystals of quartz, or feldspar, or both, generally 
with a ferromagnesian mineral, in a predominant, 
fine-grained groundmass of light color. Felsite 
porphyry. 

5. Crystals of feldspar, or of a ferromagnesian min- 
eral, or both, in a fine-grained, dark or black, heavy 
groundmass. Basalt porphyry. 


GROUP IV.—FOLIATED ROCKS 


. Medium to coarse grain; roughly foliated. aeten. 
. More finely grained and foliated. Schist. 


(a) Consists mainly or largely of mica with some 
quartz. Mica schist. 


(b) Medium green to black; consists mostly of a 
felted or matted mass of small, bladed or 
needle-like crystals arranged in one general 
direction. Hornblende schist or amphibolite. 

(c) Glassy or silky luster on foliation surfaces; 
splits readily into thin pieces. Sericite schist. 

(d) Soft, greasy feel; marks cloth; easily scratched 
with fingernail; whitish to light gray, or green. 
Talc schist. 

(e) Smooth feel; soft; glimmering luster; green to 
dark green. Chlorite schist. 

. Very fine grain; splits easily into thin slabs; usu- 
ally dark gray, green, or black. Slate. 


GROUP V.—FRAGMENTAL 


. Rounded pebbles embedded in some type of a ce- 
menting medium. Conglomerate. 

. Angular fragments embedded in a cementing me- 
dium. Breccia. 

.Fragments of volcanic (fine-grained or glassy) 
rocks embedded in compacted volcanic ash. Vol- 
canic tuff or Volcanic breccia. 

. Quartz grains, rounded or angular, cemented to- 
gether. Sandstone. 

. Quartz and feldspar grains cemented together to 
resemble the appearance of granite. Arkose (feld- 
spathic sandstone). 
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the same characteristics as given above, but contains 
little if any quartz, it can be named by reference to 
the ferromagnesian mineral content as indicated by 
the color of the rock. A rock of light color may be 
a syenite, one of medium color a diorite, and one of 
dark color a gabbro. 

Attention should be given to the transition of rock 
by insensible stages from one kind to another. Gran- 
ites will grade into syenites, and syenites into dior- 
ites, for instance; or a coarse-grained rock will grade 
into a fine-grained rock of the same mineralogical 
composition. Two samples of rock from the same 
deposit may be sufficiently different to warrant dif- 
ferent names. Consequently, the identification of 
the hand specimen by the method given here does 
have some limitations. However, a careful study of 
the sample, following the method outlined, should 
permit the user to name the rock with a relatively 
small margin of error. 


Highway Definitions—Part II 
Approved by A.A.S.H.O. 
February 3, 1950 
Additions to “Types of Highways”* 
Divided Highway 
A highway with separated roadways for traffic in 
opposite directions. 
Belt Highway 


An arterial highway for carrying traffic partially 


or entirely around an urban area or portion thereof. 
(Also called circumferential highway.) 
Radial Highway 

An arterial highway leading to or from an urban 
center. 
Frontage Street or Road 

A local street or road auxiliary to and located on 
the side of an arterial highway for service to abut- 
ting property and adjacent areas and for control of 
access. 
Toll Road, Bridge, or Tunnel 

A highway, bridge, or tunnel open to traffic only 
upon payment of a direct toll or fee. 
Cul-de-sac Street 

A local street open at one end only and with spe- 
cial provision for turning around. 
Dead-end Street 

A local street open at one end only without special 
provision for turning around. 


* Highway Definitions, Part I, ‘“Types of Highways,” was adopted 


by the Association on June 25, 1949. The — policy was pub- 
lished in American Highways, Vol. 28, No. 


, October, 1949. 
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Elements of the Cross Section 
Roadway 


(General) The portion of a highway, including 
shoulders, for vehicular use. A divided highway has 
two or more roadways. 

(In construction specifications) The portion of a 
highway within limits of construction. 

Roadbed 

The graded portion of a highway, usually consid- 
ered as the area between the intersections of top and 
side slopes, upon which the base course, surface 
course, shoulders and median are constructed. 
Subgrade 

The portion of the roadbed prepared as a founda- 
tion for the base or surface course. 

Median 

The portion of a divided highway separating the 
traveled ways for traffic in opposite directions. 
Traveled Way 

The portion of the roadway for the movement of 
vehicles, exclusive of shoulders and auxiliary lanes. 
Shoulder 

The portion of the roadway contiguous with the 
traveled way for accommodation of stopped vehicles, 
for emergency use, and for lateral support of base 
and surface courses. 

Roadside 

A general term denoting the area adjoining the 
outer edge of the roadway. Extensive areas between 
the roadways of a divided highway may also be con- 
sidered roadside. 

Traffic Lane 

The portion of the traveled way for the movement 
of a single line of vehicles. 
Auxiliary Lane 

The portion of the roadway adjoining the traveled 
way for parking, speed-change, or for other purposes 
supplementary to through traffic movement. 
Parking Lane 

An auxiliary lane primarily for the weit of 
vehicles. 

Speed-change Lane 

An auxiliary lane, including tapered areas, pri- 

marily for the acceleration or deceleration of vehi- 


. cles entering or leaving the through traffic lanes. 


Median Lane 

A speed-change lane within the median to accom- 
modate left-turning vehicles. 
Outer Separation 

The portion of an arterial highway between the 
traveled ways of a roadway for through traffic and 
a frontage street or road, 
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Developing Public Demand for 


Good Roads 


By C. H. SELLS 


Executive Director 
New York Good Roads Association 
Albany, N. Y. 


HE highway facility deficit of this nation is in 

excess of 41 billion dollars! This startling reve- 
lation was divulged by a joint congressional com- 
mittee last Saturday. This amazing condition was 
likewise reported in the November issue of “For- 
tune” magazine when they said the roads of this 
country, after the expenditure of all the war-time 
created state and local surpluses, were now up to 
the condition they should have been in 1933. 

Seventeen years behind time? Seventeen years 
out-of-date! And this in the face of the most amaz- 
ing growth in highway transportation that the na- 
tion has ever seen. And also in the face of an eco- 
nomic need such as never has existed. Never before 
in history, has this nation been so highway depen- 
dent as it now is. 

People take their roads for granted—they fail to 
realize their dependence on roads. In order to vis- 
ualize your dependency on roads just imagine, if 
you can, that when you wake up tomorrow morning 
every road in the country will have disappeared. 
As you walk out on the front porch you will find 
that the milk bottle is missing. The newspaper is 
not there. The mail does not come. You can’t send 
your children to school. You can’t go to work. The 
butcher does not come; the baker doesn’t come. 
Nothing happens and there you are, unable to do a 
thing. You can’t even get a doctor if your wife is 
sick. 

There is no facet of the economic life of the people 
which is not road dependent. Agriculture, manu- 
facturing, commerce, education, recreation, labor, 
the rural areas, the urban areas—all are dependent 
for their existence and prosperity on roads. The 
doctor, the lawyer, the merchant, the candlestick- 
maker, the baker, the butcher, the teacher—there is 
nobody in any trade or activity that is not road de- 
pendent. You can’t even get to the cemetery with- 
out going over a road. 


1Presented at the 33rd_Annual Convention of the National 
Crushed Stone Association, The Stevens, Chicago, Illinois, January 
30-February 1, 1950. 


How would the farmer get his produce to market 
if it were not for roads? Where would the manu- 
facturer get his raw materials? How would the city 
dweller be able to eat garden fresh vegetables if it 
were not for roads? 

These are a few incidental side-lights which are 
seldom remembered when you think of roads. Eighty 
per cent of the rubber, seventy-five per cent of the 
plate glass and over fifty per cent of the malleable 
iron produced in this nation are consumed by the 
vehicles which travel on roads. Over 1.5 million 
people are employed in selling and servicing these 
vehicles and over 600,000 persons maintain their 
families by building and maintaining roads. Vaca- 
tion travellers alone contribute over 9.5 billion dol- 
lars to our national economy each year. Nine hun- 
dred thousand people are engaged in the manufac- 
ture of motor vehicles and over 100,000 in the pro- 
duction of the gasoline to operate them. 

The joint committee of our Congress has estimated 
that almost 42.7 billion man-hours of employment 
are involved in the modernization program our roads 
need. This same committee stated that over 5 mil- 
lion Americans spent all or part of their working 
hours in 1948 driving 7 million trucks over 74 billion 
miles on our roads. And that all vehicles are travel- 
ing over 400 billion miles annually. And all these 
figures are spiralling upwards! 

Statistics are boring but when figures like these 
just quoted appear in a congressional report, it is 
time to wake up and take stock of your course. 

In thinking of a road program a hasty thought en- 
visions a group of highway engineers and officials 
surrounded by surveys, records, models, blue prints 
and specifications. The same hasty thought pictures 
contractors with all types of interesting equipment 
boring into the face of nature and doing a face-lift- 
ing job with the road cosmetics produced by our 
mills, mines, factories and quarries. But there is 
another much more important group than either of 
these. That group ‘supplies the need, the use and 
the money—the reason and the means. They are 
our own people—our workers—our farmers, lawyers, 
bankers, fathers, mothers, children, our butchers, 
and our candlestick makers. Witkhvut them there 
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would be no road program—no use for the highway 
engineer and no need for the road contractor. 

The highway engineers are banded together and 
organized to better understand and fulfill their duties 
and obligations. They are equipped with experi- 
ence, training, and the knowledge of their calling. 
The contractors and material producers are organ- 
ized in trade and industrial associations and are 
equipped with brains, brawn and machinery to meet 
the tasks assigned them. When contractors advocate 
the need for expanded and continuing road construc- 
tion programs, they are called selfish. When engi- 
neers point out the deficiencies of a road system and 
present recommendations for its correction they are 
cast in the unromantic role of “just doing their duty.” 

Thus we find the two essential groups of the road 
production cycle powerless and helpless because of 
an apathetic and lethargic public who take their 
roads for granted and who fail to realize their com- 
plete and absolute dependence on the free and un- 
restricted circulation of traffic from home to office, 
from farm to market, from mine to mill, from fac- 
tory to store, from work to pleasure and from begin- 
ning to end. 

In an article in a recent issue of “American High- 
ways,” Ike Ashburn, Executive Vice President of the 
Texas Good Roads Association, asks the following 
questions— 

Do the people of your state take roads for granted? 

Do hungry hands try to reach into your state in- 
come from road user revenues and divert money 
away from road construction and maintenance oper- 
ations? 

Is traffic congestion resulting from overcrowded 
highways? 

Does your state highway department need civic 
leadership to assist in the proper development of 
your road program? 

Do you need a public spirited and well informed 
citizen’s organization to run interference for your 
department in its legislative program and problems? 

I think the answer to those questions is a resound- 
ing “Yes” in every state in the union. 

The American Association of State Highway Offi- 
cials must also think “Yes” because at their last 
convention they adopted resolutions calling upon 
every state to organize a good roads association. 

This is an age of organizations. Everybody is or- 
ganized from acrobats to zoo-keepers. People used 
to organize in town meetings to discuss their needs 
and resolve the way to attain them. But in this age 


of specialties the town meetings have become con- 
ventions where particular ideas and plans for spe- 
cialized endeavors are developed and promulgated— 
So why shouldn’t there be an organization of all 
types and callings of people 90 per cent of whom are 
dependent on road transportation for their very ex- 
istence. 

Such an organization can determine the extent of 
their dependence and their need; can value the bene- 
fits they will receive; can fix their ability to pay and 
can produce the support to fulfill their needs. Such 
an organization can take its place among other or- 
ganizations and see to it that their needs receive such 
proportionate governmental attention and support 
as their economic welfare demands when blended 
with the needs and demands for other governmental 
activities. Such an organization can scrape the mil- 
dew off the plans of the highway engineer and sup- 
port his efforts to develop the nation’s economy. 
Such an organization can insure to the contractor a 
continuing, stabilized road construction program 
with steady employment and confident expectation 
of development of increasing economies. Such an 
organization can secure for the people of any locality 
or region a system of road transportation adequate 
and up-to-date, constructed within the limits of their 
ability to pay and at the same time maintain ade- 
quately other necessary functions of government. 

And so we are beginning to find a mighty chant 
reverberating across the nation. Men and women 
everywhere are joining their voices in a demand for 
good roads. Awakening from their years of road- 
lethargy, the people are telling the powers-that-be 
that road improvements are a MUST on legislative 
and fiscal programs of all units of government. 

Through organization, the once feeble pleas of the 
individual citizen are now blended together, mag- 
nified a thousand-fold and are being heard and 
heeded. The instrumentality through which this is 
being accomplished is the resurgence of the good 
roads movement which, fifty years ago, led to the 
first real road construction programs the nation ever 
knew. 

‘From coast to coast and from border to border in- 
dividual state good roads associations are militantly 
taking up the cudgels for their members, the people, 
in an effort to restore road systems to a point of 
adequacy and efficiency. Sixteen such groups, rang- 
ing from the granddaddy of them all, the fifty-year- 
old Washington State Good Roads Association, to 
the youngest, the New York Good Roads Association, 
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which one Boston newspaper calls “an infant with 
adult ideas,” are on the move. Another similar 
group is about to be formed in the midwest. But 
most significant of all is the fact that popular de- 
mand in other states may result in formation of ad- 
ditional like associations. 

A recent survey conducted by the New York Good 
Roads Association disclosed the existence of good 
roads associations in Arizona, Connecticut, Illinois, 
Iowa, Maine, Michigan, Minnesota, Missouri, Ne- 
braska, New Hampshire, New York, North Dakota, 
Oregon, Rhode Island, Texas and Washington. In 
addition, Massachusetts has a semi-official good roads 
group, Colorado has a good roads association which 
is temporarily inactive, Florida had a temporary 
good roads association last year and steps are being 
taken toward the formation of a South Dakota Good 
Roads Association. 

On top of this there are, in such states as Califor- 
nia, Idaho, New Mexico, Pennsylvania and possibly 
others, local groups which are fighting for the pro- 
curement of good roads in their respective areas, 
Meanwhile some of those states which listed them- 
selves as lacking good roads associations indicated a 
wish that they could report to the contrary. 

A study of the data submitted by or about the 16 
active good roads associations reveals a general una- 
nimity of purpose, of organization, of philosophy and 
of action. There are some variances, of course, but 
in general each association is made up of the aver- 
age citizens and is striving to convince government 
that road development is one of its constant and con- 
tinuing functions and is entitled to a fair share of 
public funds. Each is seeking to procure for the 
people good, adequate, efficient roads through ex- 
panded and accelerated programs of road improve- 
ment by all levels of government. 

This, of course, can be accomplished only through 
united effort. That is why the good roads associa- 
tions are seeking to enroll the largest possible num- 
- ber of regular members in recognition of the fact 
that the larger the membership, the more powerful 
will be their respective and collective voices. 

In seeking to bring about the desired goal of good 
roads, practically all of the good roads associations 
adhere strictly to the principle that there must be 
no interference with any public official whose duty 
it is to build and maintain roads. Rather they are 


seeking to provide such officials with the necessary 
funds with which to perform the vast road improve- 
ment program they know must be accomplished be- 


fore the people have the kind of roads they want 
and need. 

Though some charge higher dues, most of the ac- 
tive associations are offering regular memberships 
at a dollar a year thus offering what the New York 
Association calls “A Holler For a Dollar.” In addi- 
tion, the various organizations have other types of 
memberships. Sustaining memberships are wel- 
comed from individuals, companies, corporations, 
associations, and others who believe that good roads 
are needed and who wish to contribute funds. 

In the matter of procurement of funds with which 
road builders may do their work there is a diversity 
of opinion based on individual state needs. Endorse- 
ment of legislation or constitutional amendments to 
preserve for road improvements all or nearly all 
revenues collected in the form of gasoline taxes and 
motor vehicle registration fees has been high on the 
agenda of some groups. Others have worked for 
increased gas taxes and license fees with the pro- 
viso that revenues so obtained would be used for 
local road improvements. Others have had to battle 
forces which would revise existing fiscal legislation 
to the disadvantage of the roads. Still others seek 
to obtain adequate appropriations within existing 
fiscal procedures of their respective states. But re- 
gardless of the modus operandi each good roads as- 
sociation is doing all in its power to make certain 
that budget makers and legislators, whether they be 
state, county, city, town or village, do not look upon 
road improvement programs as government’s step- 
children and feed only crumbs while other agencies 
and functions get the cake. 

With each good roads association constantly on the 
alert, telling the story of roads and their importance 
to all who will listen; with each good roads associa- 
tion member actively supporting the movement 
through the recruitment of new members, the goal 
of good roads everywhere will soon be in sight. And 
as those states which have active good roads asso- 
ciations get those good roads there is no doubt that 
the present resurgence of the good roads movement 
will spread into other states until there is a live, 
fighting good roads association in each of the 48 
states. 

During this long period of starvation on our road 
system we have seen many other activities of gov- 
ernment grow and expand and we have seen budgets 
increased to accommodate this expansion. We have 
also seen new activities of government created and 
we have seen new items in the budgets for the main- 
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tenance of these new facilities. This condition must 
be all right because the public seems to want it and 
has not protested its creation. But the day has come 
when we must consider our economic dependency 
on roads and the necessity of government to provide 
for that dependency. 

We are not interested in how big a tax dollar is 
but we are interested in establishing a plan that in 
each and every tax dollar, small or large, there be 
a piece of pie devoted to the restoration of road serv- 
ices and that piece of pie should be big enough to 
supply the proportionate value in our economic life 
of roads as related to the other necessary functions 
of government. As our ability to pay taxes is lim- 
ited, and as that tax dollar is small, there will be a 
small amount for roads. But that will be all we can 
afford to pay. If, however, the tax dollar is large, 
the amount for roads will be proportionately larger 
but roads will get proportionate recognition with 
other branches of government, dependent upon our 
ability to pay, and that is the plan I would like to 
see established. 

Taxes are not the all inclusive cost of roads. 
Thomas H. MacDonald has said that it costs more to 
use poor roads than it does to build good ones. This 
thought was very well exemplified by a newspaper 
article which appeared recently in the northern part 
of New Jersey. It was a headline proclaiming in 
large letters the opening of a new highway through 
Bergen County to New York. Describing the nature 
of the highway the article stated that the new high- 
way would save to each and every user 20 minutes 
a day each way to and from New York. I was in- 
terested in this statement and on getting out my pad 
and pencil I figured what this meant in dollars. As- 
suming a man’s time worth one cent a minute, (and 
that is less than the amount that Harry Truman says 
is. legal), for each 1,000 people using this highway 


there are enough pennies saved to pay for the con- 


struction of an additional mile of that highway each 
year. That highway is destined to carry 12,000 peo- 
ple. Consequently, that 20 minutes saved at one 
cent a minute would build 12 more miles of that 
highway each and every year. 

The economic loss of the people translated into 
dollars from needless accidents, delays, congestion, 
property stagnation, broken springs, increased in- 
surance rates, tire destruction, and many other 
things add up for each and every one to a sum of 
money which is staggering—but each and everyone 
» must value that in his own way. There is no longer 


any place for lethargy or apathy regarding the prob- 
lems we face on roads. 

Gentlemen—you have honored my Association and 
me by allowing me to be with you and I wish to re- 
cord my deep appreciation. As we go forward to a 
better way of living believe me always to be good- 
roadly yours. 


Effect of Heavy Loads on Pavement 
To Be Studied 


HE Highway Research Board announced today 

that plans have been completed for a large-scale 
test of concrete pavement under concentrated truck 
traffic using single axle loading of 18,000 and 22,400 
lb. per axle and corresponding tandem axle loadings 
of 32,000 and 44,800 lb. The relative effects of differ- 
ent axle loads will be tested on parallel lanes of the 
concrete test road. The trucks will operate at an 
average frequency of one truck per minute on a 
24-hr. per day, 7-day per week schedule. 

This project has been arranged cooperatively by 
the states of Connecticut, Delaware, Illinois, Ken- 
tucky, Maryland, Michigan, Ohio, Pennsylvania, 
Virginia, and Wisconsin, and the Bureau of Public 
Roads, Department of Commerce. Several other 
states are expected to join the group. The project 
is to be administered and conducted by the Highway 
Research Board and will be identified as Road Test 
One-MD. 

A 1.1-mile section of U. S. Route 301 in Southern 
Maryland has been set aside by the State Roads 
Commission of Maryland for these tests. This road 
consists of two 12-ft. lanes of mesh reinforced con- 
crete pavement laid on a good granular subgrade. 
Each lane is 9-7-9 in. in cross section. 

The 1.1-mile section of road will be divided into 
two sections. In one section, single rear axle trucks 
loaded to 18,000-lb. axle load will run back and forth 
over one lane and trucks loaded to 22,400-lb. axle 
load will run back and forth the same number of 
times in the parallel lane. The other half-mile sec- 
tion will be tested in the same way with trucks 
equipped with tandem axles loaded to 32,000 lb. in 
one lane and 44,800 lb. in the other. In addition to 
detailed observations of visible effects of the traffic 
on the pavement, measurements of surface eleva- 
tions, stresses, and deflections under wheel loads, 
subgrade condition, and concrete quality will be 
made. 
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Crushed Stone Stabilized Bases 


By A. T. GOLDBECK 


Engineering Director 
National Crushed Stone Association 
Washington, D. C. 


HE crushed stone stabilized base, which may 

temporarily serve also as a wearing surface, is 
one of the flexible road types as distinguished from 
the rigid type made of concrete. It is axiomatic in 
the flexible road type that it must have sufficient 
thickness to spread the wheel loads of the traffic so 
that the pressure which reaches the underlying sub- 
grade will never exceed its bearing capacity. When 
that happens the road fails and it is not long before 
the stone in the surface gets churned up with the 
subgrade material and its subsequent value as a load 
carrying material is almost totally lost. 

When traffic is light and the subgrade is hard, an 
inch or two of granular surfacing will carry the load, 
but in the spring of the year after freezing weather, 
when the ice in the soil is melting and the “frost is 
coming out of the ground,” the bearing value of the 
subgrade becomes very low and is totally inadequate 
for resisting the wheel load pressures reaching it 
through a thin layer of metal. Almost the sole func- 
tion of the stone surfacing is tg spread the wheel 
loads over a big enough area of the subgrade to re- 
duce the unit pressure, the pressure in pounds per 
square inch, to a figure which does not exceed the 
bearing values of the soil in its softened condition. 
The stone layer must be thick enough to accomplish 
that purpose. 

Some years ago it was not uncommon to build 
traffic-bound roads by the application of 500 to 1000 
tons per mile which gave a compacted thickness of 
about one to two inches. This was very beneficial, 
and on excellent granular subgrades was even ade- 
quate, but when any such thickness is used nowadays 
with our more intense traffic having heavy wheel 
loads, it is not enough to carry the traffic. When 
such inadequate surfaces are covered with a bitumi- 
nous wearing surface, they may seem to be excel- 
lent surfaces for a time, but let the subgrade soften 
and they become a complete failure. As a matter 
of fact, the bituminous surface which prevented 
evaporation may have aided failure by causing cap- 
1 Presented at the 7th Annual Meeting of the Kentucky Crushed 


The Seelbach Hotel, Louisville, Kentucky, March 


illary water to accumulate in the subgrade and stone 
surfacing. 

It now seems to be the better part of wisdom to 
build up an ample thickness rapidly before the soft 
subgrade season arrives. This building up process 
is done in successive layers from windrowed mate- 
rial, each layer being adequately compacted before 
the following layer is applied. By timing the proc- 
ess so that the required thickness will be attained 
before the spring thaw, no material will be lost in 
the mud and the base will be in excellent load sup- 
porting condition for any surface treatment desired. 

Perhaps it will be appropriate to review briefly 
some of the details which seem essential in the con- 
struction of the granular base course or traffic-bound 
type of road. It is assumed that the preliminary 
work has been done and that the right of way, align- 
ment, grade, sight distances, and drainage have been 
provided for and that it is next desired to develop 
an all-weather surface of sufficient thickness to carry 
the traffic at the lowest possible cost. 


Important Considerations 


In former years the traffic-bound road was con- 
sidered to be primarily a surfacing. It was an all- 
weather road, but it pot-holed, became dusty, and re- 
quired constant maintenance by dragging methods. 
Furthermore, there was always a great loss of metal 
from the road surface and this became expensive to 
replace. The more modern idea is to build up the 
base of granular material, let it function for a year 
or two to allow the weak spots to show up and be 
repaired, so that a uniformly strong base would re- 
sult, which may then be surface treated or otherwise 
be given a surface of bituminous materials. 

The fundamental principles of traffic-bound con- 
struction are simple, but there is a difference in the 
properties of aggregates which require different 
methods of construction. This difference is in the 
natural cementing properties. Some types of aggre- 
gates, notably the limestones, compact readily, and 
cement themselves into a firm stable base while 
others do not bind very readily. The engineer will 
have to use his judgment and experience to deter- 
mine which type of material he is using. Two types 
of construction will be described—one for aggregates 
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without cementing properties, and the other for ag- 
gregates with natural cementing properties. 

The following is reported by our Field Engineer, 
J. E. Gray, as a result of a special study of traffic- 
bound roads: 


Aggregate Without Natural Cementing Properties 


“While, in general, little attention is paid to the 
soil characteristics of the subgrade, the existing road 
should be inspected for soils that have a tendency to 
heave and for locations of poor drainage. All heav- 
ing soils should be removed to below the frost line 
and replaced with suitable granular material. The 
subgrade should then be brought to a firm, uniform 
cross-section with a crown of 0 to 1/2 in. per ft. A 
flat cross-section or a low crown is used with sandy 
subgrades and a higher crown with clay subgrades. 

“A method of construction that has been satisfac- 
tory is to spread the aggregate upon the prepared 
subgrade to a loose depth of 6 in. for the full width 
of the road. Then the top 4 in. of aggregate is bladed 
off the road into two windrows on the shoulders and 
the road is opened to traffic. As soon as the first 
2 in. of aggregate is well bound, another 2-in. layer 
is bladed upon the road from the material stockpiled 
in the windrows. When this second layer is con- 
solidated, the final 2 in. is spread and compacted by 
traffic. The result is a continuous building up of a 
full 6-in. course. 

“A gradation specification for the aggregate which 
has been used with good results is as follows: 


“Total per cent passing 1 in. 100 
3/4 in. 95-100 
1/2 in. 65-90 
3/8 in. 35-65 
No. 4 0-15. 


“The binding of the aggregate with the subgrade 
soil takes place for the most part during the period 
following a rain when the soil is moist and somewhat 
plastic. When the subgrade is hard and dry, ob- 
viously, no binding of aggregate or building-up of 
compacted thickness can take place, so careful, con- 
tinuous maintenance is essential to provide sufficient 
aggregate when the subgrade is dry. In other words, 
with the subgrade moist, up to about 2 in. of loose 
aggregate should be on the road; if the subgrade is 
dry and hard, only a floating cover of about 1/2-in. 
thickness should be maintained. 
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Aggregate With Natural Cementing Properties 


“The natural cementing portion of any aggregate 
is that passing the 200-mesh sieve. Therefore, road 
metal having natural cementing properties for this 
type of construction should be a crusher-run product 
including all of the dust of fracture. Even then, sup- 
plemental fines are often needed. These additional 
fines are generally created by the grinding action of 
traffic or they may be applied where needed. 

“A gradation specification for crushed stone that 
has given satisfactory results and is economical to 
produce is as follows: 


“Total per cent passing 1 in. 100 
1/2 in. 60-90 
No. 4 40-60 

No. 16 20-40 

No. 200 5-15 


[Author’s Note: It is interesting at this point to 
note that the above gradation limits encompass 
points lying on Professor A. N. Talbot’s maximum 
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gradation curves, P= and p= 5 
The value P is the total per cent passing the sieve 
opening d and D is the maximum size of sieve open- 
ing. The second formula results in more fine mate- 
rial than the first and is close to the ideal gradation 
for materials which cement well.] 

“The construction procedure is to spread the stone 
on the prepared subgrade to the required thickness 
either directly from trucks or through a spreader 
box. The thickness varies from 4 to 10 in. depending 
upon the intensity of traffic. Usually, trucks haul 
over the spread stone so that it is compacted to such 
a degree that the surface is not objectionable to 
normal traffic. If the application is heavy and the 
trucks do not compact it sufficiently, the excess loose 
material is bladed into windrows on the shoulder to 
be spread upon the road as the aggregate in place 
becomes consolidated. Again, proper maintenance is 
essential to building up a firm, stable, smooth-riding 
surface. 


Maintenance 
“Since proper maintenance in traffic bound con- 


struction is so important, a review of the funda- 
mentals may be in order. Continual surface main- 


tenance with a drag or blade maintainer is necessary 
to (a) encourage traffic to use the entire road surface, 
(b) to distribute the aggregate so that it can be 
bound, and (c) to prevent ruts and corrugations. A 
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light, ‘floating cover’ of aggregate should be on the 
road at all times. However, especially in dry 
weather, too heavy a cover is conducive to skidding. 
It is well established that an aggregate of 3/4-in. 
maximum size can be bladed easily without tearing 
the underlying, compacted surface. Blading is most 
effective when done immediately after a rain when 
the surface is moist. Also, the better practice in 
blading is to work completely across the road; that 
is, commence on the right side and go to the left and 
on the subsequent operation, begin at the left side 
and work to the right. This is preferred to the old 
method of blading from each side to the center, thus 
leaving a wedge of loose aggregate that produces a 
false crown and is avoided by traffic. 

“The maintenance of a proper crown is most im- 
portant. If the road has fairly level stretches with 
too flat a cross-section, all slight surface depressions 
will hold water. Then, under the action of traffic, 
the fines are soon forced into suspension and are 
washed away, leaving coarse aggregate without any 
binder. When dry, traffic soon throws out the loose 
aggregate causing a pothole. A 1/2 to 5/8 in. per 
ft. crown should be maintained at all times. 

“If potholes should develop, they should be re- 
moved by local scarifying and the addition of mate- 
rial similar to that in the body of the road. 


Conclusions 


“Since all weak spots in a traffic bound road are 
corrected through proper maintenance, it becomes 
an ideal base, if of adequate thickness, for a bitumi- 
nous surfacing of whatever type the intensity of 
traffic warrants. Construction of this type is a good 
method for developing a satisfactory base, but it is 
essential that sufficient aggregate of the proper 
gradation be placed on the road initially to do the 
job expeditiously.” 


Low Cost Road Construction in Knox County, 
Tennessee 

A very informative and interesting paper was pre- 
sented at the annual meeting of the American Road 
Builders Association in Cincinnati recently by T. D. 
Williams, County Engineer of Knox County, Tennes- 
see, on “The Use of Calcium Chloride in Crushed 
Stone Stabilized Bases.” I think enough of a portion 
of that paper to quote it directly. Mr. Williams 
states: 

“The average road that we are stabilizing and sur- 
facing is an old macadam road where stone has been 
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added periodically and often spasmodically over any 
number of years, perhaps as high as thirty or forty. 
It is impossible to determine how many cubic yards 
of stone have been added to the roadway in this 
manner, but I am sure it is many, many times that 
now found in evidence. Undoubtedly the majority 
of this material was rolled into the ditches, ground 
up and blown away as dust, pushed far into a wet 
subgrade, or in some other manner found its way out 
of the macadam surface. Our borings on this type 
road show that in the usual case we can depend upon 
only two inches of existing material that can be used 
in the future base. If this material is of uniform 
depth, adequate width and well enough stabilized, 
the next lift of base material is placed directly upon 
it. Otherwise it is necessary to scarify the existing 
macadam, add material if necessary, and reshape to 
proper depth, width, and crown before rolling and 
subsequently adding the final lift. 

“We have experimented with several types of 
bases using a variety of different aggregate grada- 
tions in order to determine that best suited for our 
high-type low-cost county road. Although our ex- 
periments have not been extensive in any sense of 
the word, they have proven in our own minds that 
the type base recently adopted is by far the best and 
most economical method of solving our problem. As 
a result of our experience, we have adopted the fol- 
lowing as our specifications on graded aggregate used 
as the total base mix: 


Per Cent Passing 

Sieve No. Specifications Used 

1 in 100 100 
3/4 in 80-100 95 
3/8 in 50-90 uv 
No. 4 36-65 61 
No. 10 22-50 38 
No. 40 15-30 16 
No. 200 5-15 5 


The last column in the above table gives a gradation 
being used at present. To many of you, it may ap- 
pear that there is too little material passing the No. 
200 sieve. We too believe this to be true but it is 
realized that if construction costs are to be kept at a 
minimum, local materials must be used. We find that 
by using our own materials, we can combine approxi- 
mately 60 per cent of crusher run stone (stone not 
screened) and 40 per cent limestone dust (obtained 
when the crusher screens are installed to produce 
oil stone) and arrive at the above noted gradation. 
To arrive at a perhaps more suitable gradation, addi- 


ix 
“3 
‘ 


20 


THE CRUSHED STONE JOURNAL 


June 1950 


ad 


tional binder soil would have to be obtained and we 
find this to be impractical in our location. Our soils 
are extremely heavy clays that are difficult to pul- 
verize and blade uniformly into the combined aggre- 
gates. If lighter soils were obtainable, perhaps a 
better graded aggregate could be used. By construct- 
ing bases composed of limestone aggregate and lime- 
stone dust, with no additional metallic or soil binder 
material, we have a much greater latitude in aggre- 
gate control, mixing, and rolling. In other words, a 
person of reasonable experience in stabilizing these 
materials can by ‘rule of thumb’ methods, such as 
feel and sight, quite accurately determine if the ag- 
gregates are properly graded, mixed, and cured in 
preparation for final laying and rolling. 

“Our roads vary tremendously in traffic volume. 
Depending upon location, the traffic count varies 
from less than 100 vehicles per day to over 5,000. 
The majority of roads included in our improvement 
program carry a traffic volume requiring the base to 
be constructed to a 6-in. compacted thickness. When 
less than 4-in. additional compacted thickness is re- 
quired to give an adequate depth, it may be con- 
structed in one lift. If over 4 in. are required, it 
should be compacted in layers not exceeding 3 in. 
in order to insure a well compacted thickness. 

“Construction procedure of the base may be out- 
lined as follows: 

“1. Coarse aggregates are spread on the roadway— 
preferably by mechanical means, such as tail gate 
spreaders or spreader boxes. This operation should 
be rigidly controlled by means of placing a checker 
on the roadway to accurately control the dumping 
distance. This material unless evenly distributed 
should be leveled by means of a patrol grader. 

“2. Limestone dust is added on top of the coarse 
aggregate in a similar manner. 

“3. After a minimum of 1/2 mile and a maximum 
of 1 mile of aggregate is thus placed, calcium chloride 
is added at the uniform rate of 1 lb. per sq. yd. per 
3 in. of lift. 

“4. The material is then bladed by standard 
methods from side to side with a patrol grader until 
it is adequately and uniformly mixed. Water must 
be added at the beginning and, if necessary, through- 
- out the operation. Experience alone can teach one 
the correct amount of water to be added. 

“5. After the material is properly mixed, it should 
be windrowed and left to cure. This curing, depend- 
ing upon temperature and weather conditions, nor- 
mally requires two days. Mixing operations can 


proceed at another section of the project during this 
curing period. 

“6. After curing is complete, the material should 
again be bladed to insure that no segregation has 
taken place, and then leveled to the proper grade 
and crown. Rollers, preferably 8-10 ton three wheel, 
can then complete the operation. 

“7, Once the operation is completed, the base 
should be allowed to again cure before adding the 
second lift, or in the event this second lift is not 
needed, before the surface is primed. Normally, 
when calcium chloride is used, watering during this 
curing period is not required. However, it is ex- 
tremely important to insure against drying out too 
fast. 

“The use of calcium chloride in our bases has been 
discussed at great lengths in our organization. As 
stated before, we were trying to arrive at the most 
economical base and it was doubted at first if suf- 
ficient benefits would be derived from the use of 
calcium chloride to pay for its cost. To satisfy our- 
selves, we placed several stretches of base using 


‘principally the same aggregates, some with and some 


without calcium chloride. Our findings plainly show 
that the calcium chloride base is definitely desirable 
and the most economical in the end.” 

The author then proceeds to outline the advantages 
of using calcium chloride which need not concern 
us at present. Those interested in this phase of the 
construction can readily obtain a copy of Mr. Wil- 
liams’s paper. 

After the base is stabilized and as traffic develops, 
as it generally does on an improved road, it will soon 
pay to cover the base with some form of bituminous 
treatment or penetration macadam or bituminous 
concrete. Excellent surfaces of all three types are 
possible and the type selected will be governed by 
the intensity of traffic. 


34th ANNUAL CONVENTION 
NATIONAL CRUSHED STONE ASSOCIATION 
and 


6th ANNUAL CONVENTION 
AGRICULTURAL LIMESTONE INSTITUTE 


NETHERLAND PLAZA, CINCINNATI, OHIO 
Week of February 5, 1951 


Make Your Plans Now to Attend 
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Manufacturers Division National Crushed Stone Association 


These associate members are morally and financially aiding the Associa- 


tion in its efforts to protect and advance the interests of the crushed stone 
industry. Please give them favorable consideration whenever possible. 


Allis-Chalmers Mfg. Co. 
Milwaukee 1, Wis. 
Crushing, Screening, Washing, Grinding, 

Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 
American Cyanamid Co. 
Explosives Department 
2527 Oliver Bldg., Pittsburgh 22, Pa. 
Explosives and Blasting Supplies 

American Manganese Steel Division of 

American Brake Shoe Co. 

389 East 14th St., Chicago Heights, Il. 

Manganese Steel Castings, Power Shovel 
Dippers, Material Handling Pumps, Heat 
and Corrosion Resistant Castings, Recla- 

a — and Hard-Facing Welding Ma- 
terials 


American Pulverizer Co. 

1249 Macklind Ave., St. Louis 10, Mo. 

Manufacturers of Ring Crushers and Ham- 
mermills for Primary and Secondary 
Crushing 

American Steel & Wire Co. 

Rockefeller Bldg., Cleveland 13, Ohio 

Wire Rope, Aerial Wire Rope Tramways, 
Electrical Wires and Cables, Welded Wire 
Fabric, Concrete Reinforcing, Wire Nails, 
Fencing, Netting 

Atlas Powder Co. 

Wilmington 99, Del. 

Industrial Explosives and Blasting Supplies 
Austin-Western Co. 

601 N. Farnsworth Ave., Aurora 1, Ill. 

Jaw and Roll Crushers, Conveyors, Feeders, 
Screens, and Bins—Separately or Com- 
bined in Complete Crushing, Screening 
and Washing Plants; All Types of Dump, 
Hopper, and Quarry Cars, Air and Elec- 
trically Operated, in Narrow and Stan- 
dard Gauges; Power Shovels, Drag Lines, 
and Cranes; Road Making, Earth Han- 
dling, and Street Cleaning Equipment 


Bacon-Greene & Milroy 
205 Church St., New Haven 10, Conn. 
“FARREL-BACON” Jaw Crushers for Pri- 
mary and Secondary Operations, Convey- 
ors, Elevators, Rolls, Screens 
Bacon-Pietsch Co., Inc. 
149 Broadway, New York 6, N. Y. 
Manufacturers of Farrel-Bacon Crushers 
and Allied Screening and Conveying 
Equipment 
Barber-Greene Co. 
Aurora, III. 
Portable and Permanent Belt Conveyors, 
Belt Conveyor Idlers, Bucket Loaders 
both Wheel and Crawler Mounted, As- 


phalt Mixers and Finishers, Coal Handl- 
ing Machines 


C. G. Buchanan Crushing Machinery Divi- 
sion of the Birdsboro Steel Foundry and 
Machine Co, 

1941 Furnace St., Birdsboro, Pa. 


Primary, Secondary, and Finishing Crushers 
and Rolls 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 


Excavating, Drilling and Material Handling 
Equipment 


Caterpillar Tractor Co. 
Peoria 8, Ill. 


Track-Type Tractors, Bulldozers, Earth- 
moving Scrapers, Motor Graders, Heavy- 
Duty Off-Road Hauling Units, Diesel 
| and Diesel Electric Generating 
ets 


Chain Belt Co. 
1600 W. Bruce St., Milwaukee 11, Wis. 


Rex Conveyors, Elevators, Feeders, Idlers; 
Drive and Conveyor Chains, Power Trans- 
mission Equipment; Concrete Mizers, 
Pavers, Pumperete and Portable Pumps 


Continental Gin Co. 
Industrial Division 
4500 Fifth Ave., S., Birmingham 2, Ala. 


Conveyors—Belt, Screw, Flight, and Under- 
ground Mine; Elevators—Bucket and 
Screw; Feeders—Apron, Belt, Reciprocat- 
ing, Table, and Screw; Drives—V-Belts, 
Chains and Sprockets, Gears and Speed 
Reducers 


Cross Engineering Co. 
P. O. Box 16, Carbondale, Pa. 


Screen Plates and Sections, Perforated Plate 
for Vibrating, Rotary and Shaking Screens 


Cummins Engine Co., Inc. 
Columbus, Ind. 
Diesel Engines, Fuel Pumps 


Deister Machine Co. 
1933 East Wayne St., Fort Wayne 4, Inj. 


Deister Plat-O Vibrating Screen, Deister 
Compound Funnel Classifier 


Detroit Diesel Engine Division 
General Motors Corp. 
13400 West Outer Drive, Detroit 28, Mich. 


Light Weight, Compact 2 Cycle Diesel En- 
gines and “Package Power” Units for All 
Classes of Service 
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Manufacturers Division— National Crushed Stone Association 


(continued) 


Diamond Iron Works, Inc. 
1728 N. Second St., Minneapolis 11, Minn. 


Jaw and Roll Crushers; Vibrator, Revolving, 
and Scrubber Screens; Drag Washers; 
Bucket Elevators; Belt Conveyors; Bins; 
Apron and Plate Feeders; Portable Gravel 
and Rock Crushing, Screening, and Wash- 
ing Plants; Stationary Crushing, Screen- 
ing, and Washing Plants; Hammermills 


Dixie Machinery Mfg. Co. 
4200 Goodfellow Blvd., St. Louis 20, Mo. 


Dixie Hammermills—Standard and Moving 
Breaker Plate Non-Clog for Primary and 
Secondary Crushing 


E. I. du Pont de Nemours & Co., Inc. 
Wilmington 98, Del. 
Explosives and Blasting Accessories 


Eagle Iron Works 
129 Holcomb Ave., Des Moines, Iowa 
Fine Material Screw Washers—Classifiers— 
Dehydrators; Coarse Material Screw and 
Log Washers—Dewaterers; Water Scalp- 
ing and Fine Material Settling Tanks; and 


“Swintek” Screen Chain Cutter Dredging 
Ladders 


Easton Car and Construction Co. 
Easton, Pa. 
Heavy-Duty Dump Body Trailers for Rock 
and Ore, Truck Bodies, and Quarry Cars; 
Overhead Hoists for Dumping Haulage 


Units; Electric Heaters for Tar, Asphalt 
or Bitumen 


Ensign-Bickford Co. 
Simsbury, Conn. 


Primacord-Bickford Detonating Fuse and 
Safety Fuse 


Euclid Road Machinery Co. 
1361 Chardon Road, Cleveland 17, Ohio 


Heavy-Duty Trucks and Dump Trailers for 
“Off-Highway” Hauls, Loaders for Earth 
Excavation 


Even Spread Co. 
P. O. Box 87, Owensville, Ohio 


Power Spreaders and Attachments for Agri- 
cultural Lime and Fertilizer 


Flexible Steel Lacing Co. 

4607 Lexington St., Chicago 44, Ill. 

Flexco HD Belt Fasteners, Alligator Belt 
Lacing, Flexco Hinged Belt Fasteners, 
Alligator Belt Cutters, Alligator Wide 
Belt Cutters, Alligator V Belt Fasteners, 
Flex V Belt Fasteners 


Frog. Switch & Mfg. Co. 

Carlisle, Pa. 

Manganese Steel Department—Manufactur- 
ers of “Indian Brand” Manganese Steel 
Castings for Frogs, Switches, and Cross- 
ings, Jaw and Gyratory Crushers, Cement 
Mills, Mining Machinery, Etc., Steam 
Shovel Parts 


General Electric Co. 

1 River Road, Schenectady 5, N. Y. 

Electric Motors, Controls, Locomotives, Co- 
ordinated Electric Drives for: Shovels, 
Drag Lines, Conveyors, Hoists, Cranes, 
Crushers, Screens, Etc.; Coordinated Power 
Generating and Distributing Systems In- 
cluding Turbine Generators, Switchgear, 
Transformers, Cable, Cable Skids, Load 
Center Substations 


Gill Rock Drill Co. 
Lebanon, Pa. 
Well Drill Tools and Supplies 


Goodyear Tire & Rubber Co., Inc. 

Akron 16, Ohio 

Airfoam; Mechanical Goods—Belting (Con- 
veyor, Elevator, Transmission), Hose (Air 
Water, Steam, Suction, Miscellaneous), 
Chute Lining (Rubber); Rims (Truck and 
Tractor); Storage Batteries (Automobile, 
Truck, Tractor); Tires (Automobile, 
Truck, Off-the-Road); Tubes (Automo- 
bile, Truck, Off-the-Road, LifeGuard, 
Safety Tubes, Puncture Seal Tubes 


Gruendler Crusher and Pulverizer Co. 
2915 N. Market St., St. Louis 6, Mo. 


Rock and Gravel Crushing and Screening 
Plants, Jaw. Crushers, Roll Crushers, 
Hammermills, Lime Pulverizers 


George Haiss Mfg. Co., Inc., Division of 
Pettibone Mulliken Corp. 
oo on Park Ave., New York 51, 


Bucket Loaders, Buckets, Portable and Sta- 
tionary Conveyors, Car Unloaders 


Harnischfeger Corp. 
4400 W. National Ave., Milwaukee 14, Wis. 


A complete line of Power Excavating 
Equipment, Overhead Cranes, Hoists, 
Smoothare Welders, Welding Rod, Motors 
and Generators 


HarriSteel Products Co. 
420 Lexington Ave., New York 17, N. Y. 
Woven Wire Screen Cloth 


Hayward Co. 
50 Church Street, New York 7, N. Y. 


Orange Peel Buckets, Clam Shell Buckets, 
Electric Motor Buckets, Automatic Take- 
up Reels 
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Manufacturers Crushed Stone Association 
continued) 


E. Lee Heidenreich, Jr., Consulting 
Engineers 


67 Second St., Newburgh, N. Y. 

Plant Layout, Design, Supervision; Open Pit 
Quarry Surveys; Appraisals—Plant and 
Property 


Hendrick Mfg. Co. 
Carbondale, Pa. 
Perforated Metal Screens, Perforated Plates 
for Vibrating, Shaking, and Revolving 
Screens; Elevator Buckets; Test Screens; 


Wedge Slot Screens; Open Steel Floor 
Grating 


Hercules Powder Co. 


Wilmington 99, Del. 
Explosives and Blasting Supplies 


Hercules Steel Products Corp. 


Sherman St., Galion, Ohio 

Ice Control Spinner Type Spreaders, Chain 
Conveyor Type, Lime and Fertilizer 
Spreaders, Hydraulic Hoists and Dump 
Bodies, Split Shaft Power Take-Offs, 
Hydraulically Operated Lift Gates 


Hetherington & Berner Inc. 


701-745 Kentucky Ave., Indianapolis 7, Ind. 


Asphalt Paving Machinery, Sand and Stone 
Dryers, Dust Collectors 


Hewitt-Robins Incorporated 


370 Lexington Ave., New York 17, N. Y. 

Belt Conveyors (Belting and Machinery); 
Belt and Bucket Elevators; Car Shake- 
outs; Feeders; Industrial Hose; Screen 
Cloth; Sectional Conveyors; Skip Hoists; 
Stackers; Transmission Belting; Vibrat- 
ing Conveyors, Feeders, and Screens; 
Design and Construction of Complete 
Plants 


Illinois Powder Mfg. Co. 


112 N. Fourth St., St. Louis 2, Mo. 
Gold Medal Explosives 


Ingersoll-Rand Co. 


11 Broadway, New York 4, N. Y. 

Rock Drills, Quarrymaster Drills, Jackbits, 
Bit Reconditioning Equipment, Portable 
and Stationery Air Compressors, Air 
Hoists, Slusher Hoists, Air Tools, Diesel 
Engines, Pumps 


Insley Manufacturing Corp. 
801 N. Olney St., Indianapolis 6, Ind. 


Concrete Carts and Buckets, % Yd. Cranes 
and Shovels 


Iowa Manufacturing Co. 

916 16th St., N.E., Cedar Rapids, Iowa 

Rock and Gravel Crushing, Screening, Con- 
veying.and Washing Plants, Hot and Cold 
Mizx Asphalt Plants, Stabilizer Plants, KU- 
BIT Impact Breakers, Screens, Elevators, 
Conveyors, Portable and Stationary Equip- 
ment, Hammermills 


Jaite Co. 
Jaite, Ohio 


Multiwall Paper Bags, Sewn and Pasted 
Style for Packaging Lime, Cement, 
Plaster, Etc. 


Jeffrey Manufacturing Co. 
E. First Ave., Columbus 16, Ohio 


Material Handling Machinery, Crushers, 
Pulverizers, Screens, Chains 


Joy Manufacturing Co. 

333 Oliver Bldg., Pittsburgh 22, Pa. 

Drills: Blast-Hole, Wagon, Rock, and Core; 
Air Compressors: Portable, Stationary, 
and Semi-Portable; Aftercoolers; Porta- 
ble Blowers; Carpullers; Hoists; Multi- 
Purpose and Portable Rock Loaders; Air 
Motors; Trench Diggers; Belt Conveyors; 
Drill-Bit Furnaces; “Spaders”; “String-a- 
Lite” (Safety-Lighting-Cable); Backfill 
Tampers; Drill Bits: Rock and Core 


Kennedy-Van Saun Mfg. and Eng. Corp. 

2 Park Ave., New York 16, N. Y. 

Crushing, Screening, Washing, Conveying, 
Elevating, Grinding, Complete Cement 
Plants, Complete Lime Plants, Complete 
Lightweight Aggregate Plants, Synchron- 
ous Motors, Air Activated Containers for 
Transportation of Pulverized Material, 
Cement Pumps, and Power Plant Equip- 
ment 


Kensington Steel Co. 
505 Kensington Ave., Chicago 28, Ill. 


Manganese Steel Castings, Dipper Teeth, 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 


Keystone Driller Co. 
Beaver Falls, Pa. 
Drills, Power Shovels. 


King Powder Co., Inc. 
Cincinnati, Ohio 
Detonite, Dynamites, and Blasting Supplies 


Koehring Co. 
3026 W. Concordia Ave., Milwaukee 10, Wis. 


Excavating, Hauling and Concrete Equip- 
ment 


Kraft Bag Corp. 
630 Fifth Ave., New York 20, N. Y. 
Heavy Duty Multiwall Paper Bags 


: 


Manufacturers Division—National Crushed Stone Association 


(continued) 


Lima Shovel and Crane Division 
Lima-Hamilton Corp. 
Lima, Ohio 
Power Shovels, Draglines, and Cranes’ 


Link-Belt Co. 
300 West Pershing Road, Chicago 9, Ill. 
Complete Stone Preparation Plants; Con- 
veyors, Elevators, Screens, Washing 
Equipment, Speed-O-Matic Shovels— 
Cranes—Draglines and Power Transmis- 
sion Equipment 


Ludlow-Saylor Wire Co. 
634 S. Newstead Ave., St. Louis 10, Mo. 


Woven Wire Screens and Wire Cloth of 
Super-Loy, Magna-Loy and All Commer- 
cial Alloys and Metals 


Mack Manufacturing Corp. 
350 Fifth Ave., New York 1, N. Y. 


On- and Off-Highway Trucks, Tractor 
Trailers, Six-Wheelers, from 5 to 30 Tons 
Capacity, both Gasoline- and Diesel- 
Powered 


Marion Power Shovel Co. 
617 W. Center St., Marion, Ohio 


A Complete Line of Power Shovels, Drag- 
lines, and Cranes 


McLanahan & Stone Corp. 
200 Wall St., Hollidaysburg, Pa. 
Complete Pit, Mine, and Quarry Equipment 


—Crushers, Washers, Screens, Feeders, etc. 


Murphy Diesel Co. 
5317 W. Burnham St., Milwaukee 14, Wis. 


Murphy Diesel Engines Ranging from 90 to 
190 Continuous Horsepower at 1200 Rpm. 
and Packaged Type Generator Sets 60 to 
133 Kw. for All Classes of Service 


N. P. Nelson Iron Works, Inc. 
820 Bloomfield Ave., Clifton, N. J. 
Nelson Bucket Loaders 


Nordberg Mfg. Co. 

3073 S. Chase Ave., Milwaukee 7, Wis. 

Cone, Gyratory, Jaw and Impact Crushers; 
Grinding Mills; Stone Plant and Cement 
Mill Machinery; Vibrating Screens; Griz- 
zlies; Diesel and Steam Engines; Com- 
es Mine Hoists; Track Maintenance 

ools 


Northern Blower Co. 
6409 Barberton Ave., Cleveland 2, Ohio 


Dust Collecting Systems, Fans—Exhaust and 
Blower 


Northwest Engineering Co. 
135 S. LaSalle St., Chicago 3, Ill. 
Shovels, Cranes, Draglines, Pullshovels 


Osgood Co. 
Marion, Ohio 


Power Shovels, Cranes, Draglines, Hoes, 
Etc., 3/8 to 2 1/2 Cu. Yd. 


Pennsylvania Crusher Co. 
Liberty Trust Bldg., Philadelphia 7, Pa. 


Single Roll Crushers, Impactors, Hammer- 
mills, Ring Type Granulators, KUE-KEN 
Jaw Crushers, KUE-KEN Gyracones 


Pettibone Mulliken Corp. 
4710 W. Division St., Chicago 51, Ill. 


Buckets, Dragline and Parts; Loaders—Car, 
Bucket; Plants—Asphalt, Portable 


Pioneer Engineering Works, Inc. 
1515 Central Ave., Minneapolis 13, Minn. 
Jaw and Roll Crushers, Vibrating and Re- 
volving Screens, Scrubbers, Belt Convey- 
ors, Traveling Grizzly Feeders 


Pit and Quarry Publications 
538 South Clark St., Chicago 5, Ill. 


Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory, Concrete Man- 
ufacturer, Concrete Industries Yearbook 


Quaker Rubber Corp. 
Tacony and Milnor Sts., Philadelphia 24, Pa. 
Conveyor Belts, Hose, and Packings 


Rock Bit Sales and Service Co. 
350 Depot St., Asheville, N. C. 


Tungsten Carbide Detachable Bits, “Rock 
Bit” Drill Steel Inlaid with Tungsten 
Carbide, Carbon Hollow Drill Steel, Alloy 
Hollow Drill Steel 


Rock Products 
309 West Jackson Blvd., Chicago 6, Ill. 


John A. Roebling’s Sons Co. 
Woven Wire Fabrics Division 

Roebling, N. J. 

Aggregate Screen, Hardware and Industrial 
Wire Cloth, Insect Screening, Wire Rope, 
Fittings and Strand, Slings, Suspension 
Bridges and Cables, Aerial Wire Rope 
Systems, Ski Lifts, Electric Wire and 
Cable, Magnet Wire 


‘ “ 


St. Regis Sales Corp. 


1925 Mathieson Bldg., Baltimore 2, Md. 
— 230 Park Ave., New York 17, 


Automatic Filling and Weighing Machines 
and Multiwall Paper Shipping Sacks 


Sanderson-Cyclone Drill Co. 
South Main St., Orrville, Ohio 


All Steel Wire Line, Air Speed Spudders, 
Large Blast Hole Drills, Drilling Tools 
and Drilling Supplies 


Schield Bantam Co. 


Waverly, Iowa 


Bantam Trench Hoes, 


Draglines, Clams, 
Shovels 


Screen Equipment Co. 
1754 Walden Ave., Buffalo 21, N. Y. 
SECO Vibrating Screens 


Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, 
D’centegrator, Simplicity 
Wheel 


Simplicity 
D’watering 


Smith Engineering Works 


E. Capitol Drive at N. Holton Ave. 
Milwaukee 12, Wis. 


Gyratory, Gyrasphere, Jaw and Roll Crush- 
ers, Vibrating and Rotary Screens, Gravel 
Washing and Sand Settling Equipment, 
Elevators and Conveyors, Feeders, Bin 
Gates, and Portable Crushing and Screen- 
ing Plants 


Stedman’s Foundry & Machine Works 
Aurora, Ind. 


Stedman Impact-Type Selective Reduction 
Crushers, 2-Stage Swing Hammer Lime- 
stone Pulverizers 


Stephens-Adamson Mfg. Co. 
Aurora, IIl. 


Belt Conveyors, Elevators, Feeders, Car Pull- 
ers, Screens, Skip Hoists, Complete Plants 


Taggart Corp. 
(See St. Regis Sales Corp.) 


W. O. & M. W. Talcott, Inc. 
91 Sabin St., Providence, R. I. 


Belt Fasteners, Belt Lacing, Conveyor Belt 
Fasteners, and Patch Fasteners 


Manufacturers Division—National Crushed Stone Association 
(concluded) 


Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 


Manganese and Other Special Alloy Steel 
Castings 


Thew Shovel Co. 
Lorain, Ohio 


Power Shovels, Cranes, Crawler Cranes, 
Locomotive Cranes, Draglines, Diesel 
Electric, Gasoline, 3/8 to 21/2 Cu. Yd. 
Capacities 


Torrington Co. 
Bantam Bearings Division 
3702 W. Sample St., South Bend 21, Ind. 


Anti-Friction Bearings (All Types 
Sizes) 


and 


Traylor Engineering & Mfg. Co. 
Allentown, Pa. 


Stone Crushing, Gravel, Lime, and Cement 
Machinery 


Trojan Powder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 


W. S. Tyler Co. 
3615 Superior Ave., N. E., Cleveland 14, Ohio 


Wire Screens, Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 


Universal Engineering Corp. 
625 C Ave., N. W., Cedar Rapids, Iowa. 
Jaw Crushers, Roll Crushers, Hammermills, 
Complete Crushing, Screening, and Load- 


ing Plants, Either Stationary or Portable 
for Stone Aggregates or Aglime 


Vibration Measurement Engineers 
7705 Sheridan Rd., Chicago 26, Ill. 
Specialists in Blasting Complaint Investiga- 


tions; Seismological Surveying; Expert 
Testimony in Blasting Litigation 


Waukesha Motor Co. 
E. St. Paul Ave., Waukesha, Wis. 


Engines—Diesel, Gas, and Gasoline, Both 
Independent and as Complete Power 
Plants, Portable in Smaller Sizes, and 
Semi-Portable in Largest Sizes, Horse- 
power Range from 5/8 to over 500 Hp. 


